The aim of the present study was to describe the relationships between macroinvertebrate traits and lateral hydrological and environmental gradients in a Mediterranean river-fl oodplain, from the main river channel to three disconnected fl oodplain wetlands. Bimonthly water and macroinvertebrate samples were collected from an array of riverine wetlands in the Ebro River in northeast Spain. Our analysis of trait structures in wetlands aligned along a lateral hydrological gradient showed that community composition changed from a rich and abundant invertebrate community dominated by generalist species adapted to disturbance at the river site to a more trait-diversifi ed community of specialist species adapted to stability and biotic interaction in hydrologically disconnected fl oodplain sites. The diversity of functional groups peaked at intermediate-connected sites, where both generalist and specialist species coexist. The highest richness of functional groups was found in the river site, refl ecting its highest habitat heterogeneity. The main environmental variables shaping the structure of invertebrate traits extracted after Redundancy Analysis were fl ood duration and frequency (surrogates of hydrological disturbance), dissolved solids (surrogate of confi nement) and nitrate concentration (surrogate of agricultural pressure). These environmental variables explained 43 % of the existing variability in invertebrate traits. Because groups with similar traits responded in different ways to the main gradients, we conclude that the functional grouping of invertebrates provides an adequate and simple tool to assess changes in functionality and the effect of lateral gradients across a fl oodplain. Our results highlight the need to integrate the study of rivers and their fl oodplains to better account for their close interaction.
Introduction
Aquatic community structure is determined by both abiotic factors, such as hydrological disturbance and water chemistry, and biotic effects resulting from ecological interaction − principally competition and predation (Batzer & Wissinger 1996 , Wellborn et al. 1996 . Abiotic factors determine the potential habitat available for a particular species while biotic interactions determine a species' actual distribution (Wellborn et al. 1996) . Abiotic factors, in turn, may refl ect natural gradients, such as climate, geology or hydrology, or may be the result of human alterations, such as river embankments, and agricultural, urban or industrial sewage. Life-history strategies and habitat use of organisms inhabiting freshwater systems integrate actual and historical conditions, and are comparable across different taxonomic groups; thus, these factors provide a unifi ed measure of ecosystem constraints and interaction across communities with different taxonomic composition (Statzner 2001 , Gayraud et al. 2003 . Moreover, biological traits are especially telling with respect to ecosystem functionality, biodiversity and environmental alteration. For these reasons, bio-monitoring tools for assessing river alteration in large European rivers have recently focused on biological traits (e.g., Doledec et al. 1999 , Gayraud et al. 2003 , Statzner et al. 2005 , Doledec & Statzner 2008 .
A number of environmental gradients refl ecting hydrological patterns, habitat characteristics and water chemistry have been identifi ed as important for aquatic invertebrates in river-fl oodplain ecosystems (Junk 1989 , Tockner et al. 1999 . Floodplain wetlands outside the river habitat (e.g., backwaters, oxbow lakes, temporary ponds) are lentic habitats arranged in a lateral hydrological connectivity gradient that become temporarily lotic during river pulses (Amoros & Roux 1988 , Ward & Stanford 1995 . The position of wetlands on that hydrological gradient is determined by the distance to the river, groundwater seepage and natural or artifi cial barriers to river fl ow (Amoros & Bornette 2002) . Dissolved salts and organic nutrients introduced by groundwater seepage, runoff and autogenic processes, accumulate in disconnected fl oodplain wetlands (i.e., those with low connectivity) (Tockner et al. 1999) , leading to salinization and eutrophication. In addition, as fl oodplain areas have become extensively occupied, wetlands with low connectivity and high confi nement are increasingly vulnerable to the accumulation of pollutants and nutrients generated by human activities. Among these nutrients, nitrate is the most common form in agriculture watersheds and is often used to assess water quality and ecological integrity of wetland ecosystems (Smith et al. 2007) .
The dynamics governing the interplay of hydrological connectivity with environmental gradients and human pressure on rivers and their fl oodplains are diffi cult to measure directly (Galat et al. 1998 , Tockner et al. 2000 and are sometimes seemingly contradictory (Amoros & Bornette 2002 ). However it is well known that extant aquatic communities, which exist by virtue of organisms' adaptation to spatial and temporal variability, refl ect the historical pattern of disturbance of a given site (Batzer & Wissinger 1996) . Accordingly, macroinvertebrate traits are most often used to explore this historical interplay although examples of studies focusing on aquatic vegetation traits (e.g., Bornette et al. 1994 , Pautou & Arens 1994 , Henry et al. 1996 and fi sh traits (e.g., Persat et al. 1994 , Poff & Allan 1995 can be found. Examples of representative traits of macroinvertebrates that provide valuable information about how a community adapts to disturbances, either natural (e.g., river pulses) or anthropogenic (e.g., pollution), include potential size, life-span, number of reproductive cycles per year, resistance body-form and attachment to substrate, all of which potentially allow organisms to better resist disturbances and recuperate after a disturbance (Townsend & Hildrew 1994 , Usseglio-Polatera et al. 2000 . In contrast, in stable areas less affected by such disturbances, biotic interactions become increasingly important (Wellborn et al. 1996) . Consequently, functional traits proposed to change according to wetland characteristics include the proportion of organisms belonging to particular functional feeding groups, modes of reproduction, respiration and locomotion, life-history patterns and drift behavior (Usseglio-Polatera et al. 2000) .
Many studies have focused on functional-trait responses to environmental gradients, most of which have studied longitudinal gradients (i.e., differences among sites situated along the river). However, relatively less information on the behaviour of such trait responses as a function of lateral gradients in disconnected fl oodplain wetlands is available, and most of the existing information on European fl oodplains is from the Rhône River, in France (e.g., Juget & Lafont 1994 , Richoux 1994 , Usseglio-Polatera 1994 , Usseglio-Polaetra & Tachet 1994 , Paillex et al., 2007 . Consequently, there is an unmet need to integrate the study of river and fl oodplain habitats to attain a complete understanding of trait patterns and processes along lateral gradients in other fl oodplains. Such understanding will further help to unify ecological assessment protocols and provide guidelines for managing and restoring river-fl oodplain ecosystems.
To this end, the present study focused on the relationships among environmental variables and species traits in a lateral hydrological connectivity gradient (i.e., from the river channel to isolated wetlands located further into the fl oodplain) across a Mediterranean river-fl oodplain (Ebro River, NE Spain). Our fi rst objective was to identify signifi cant differences in trait composition (i.e., abundance of functional groups), functional richness and functional diversity between wetlands aligned along a connectivity gradient. Based on the Intermediate Disturbance Hypothesis (Connell 1978) , we would expect that wetlands located in an intermediate position in the hydrological connectivity gradient would show the highest functional diversity because both generalist and specialist organisms coexist there. On the other hand, a previous study developed in the Ebro basin has highlighted three main eschweizerbartxxx author environmental gradients as important for aquatic invertebrates: hydrological connectivity, salinization and nutrient status . Our second objective was thus to analyze the infl uence of these environmental gradients on the functional-trait structure of macroinvertebrates inhabiting the Ebro fl oodplain. Additionally, we tested the suitability of using the functional grouping of invertebrates as bio-indicators of those gradients.
Materials and methods

Study area
The study area consisted of a 13-km segment of the Middle Ebro River fl oodplain in NE Spain (Fig. 1) . The Ebro is a large Mediterranean river with an average discharge of 230 m 3 s -1 in the study area. The environmental characteristics of the Ebro are similar to those of other Mediterranean rivers, which are distinguished by highly irregular fl ows caused by the high spatial and temporal variability of the Mediterranean climate (Gasith & Resh 1999) .
Four sites in the study area representing a range of lateral hydrological connectivity were monitored (Fig. 1) . These include the River Site (RS) and three fl oodplain sites (oxbow lakes, OLs). OLs show similar habitat characteristics in terms of morphology, vegetation and substrate texture. They are small (35-70 ha) and shallow (0.5-2 m depth) former river meanders 42 to 61 years old that are separated from the river channel by a strip of riparian vegetation and a thick layer of sediment that limits groundwater seepage. Both the river site and oxbow lakes are surrounded by emergent vegetation, mostly Phragmites australis and Typha latifolia, but lack submergent vegetation.
The RS is located in the river channel; thus, it is permanently surface connected to the river fl ow. Lentic habitats sampled in the river become lotic at 200 m 3 s -1 . OLs are fl ooded at different fl ow limits refl ecting a combination of distance to the river and channel embankment, and are thus arranged in a gradient of lateral hydrological connectivity. OL1, OL2 and OL3 became surface connected at 400 m 3 s -1 , 800 m 3 s -1 and 1200 m 3 s -1 , respectively. Therefore, connectivity decreased from the river site (RS) to fl oodplain sites located further into the fl oodplain, ranging from OL1 with high surface connectivity, to OL3 with low surface connectivity. Gallardo et al. (2008) and Cabezas et al. (2008) have provided a description of habitats and hydrological connectivity in each site. 
Sampling design and procedures
In 2006, we collected bimonthly water and macroinvertebrate samples simultaneously. We established three sampling stations in OL1-3, and one sampling station in RS, for a total of 60 samples (3 OLs × 3 sampling stations × 6 dates; and 1 RS × 1 sampling station × 6 dates). Water samples for measurement of physical and chemical variables were collected in 2-liter polycarbonate bottles that were immediately refrigerated and transported to the laboratory, where they were fi ltered through precombusted (450 °C for 4 h) Whatman ® GF/F glass-fi ber fi lters.
We collected invertebrate samples from various microhabitats within each site using a sweep net (45 × 45-cm frame net, 500-µm sieve, 1-min sampling). Samples were preserved in situ in 5 % formalin. In the laboratory, samples were hand-sorted, and organisms were identifi ed to the lowest taxonomical level, usually genus.
Functional grouping of taxa
We used the reference classifi cation of invertebrates inhabiting European rivers developed by Usseglio-Polatera et al. (2000) Data extracted from Usseglio-Polatera et al. (2000) . No representative species of group "a" (Porifera and Bryozoa) were found. CRU, Crustacea; HIS, Hirudinea; MOL, Mollusca; BIV, Bivalvia; OLI, Oligochaeta; DIP, Diptera; EPH, Ephemeroptera; TRI, Trichoptera; ODO, Odonata; COL, Coleoptera; HET, Heteroptera.
eschweizerbartxxx author based on data from 472 genera. This classifi cation includes eight uniform biological groups (from "a" to "h") based on 11 biological traits, extracted and modifi ed from Tachet et al. (2000) . Among these traits, the authors highlighted the maximum potential size, reproduction behavior (number of cycles per year, life-span and technique), respiration, locomotion, food source and feeding behavior as indicators of ecosystem stability, food web structure and biological interaction. No representative species of group "a", composed of Porifera and Bryozoa, were found; thus the taxa appearing in the Ebro fl oodplains were classifi ed into seven of these eight biological groups ("b" to "h"), whose composition and representative traits are summarized in Table 1 . Only one species, Trithemis annulata, was not included in the reference classifi cation of Usseglio-Polatera et al. (2000); it was included with the rest of the dragonfl ies in group "d".
After determining functional groups, we computed functional groups richness (FG richness, number of functional groups) and functional groups diversity, using the Simpson index (FG diversity = 1/Σ pi 2 ; where pi was the proportion of individuals belonging to each functional group at a given site).
Lateral environmental gradients
Three main lateral environmental gradients have been described as affecting taxonomic structure of macroinvertebrates in the Middle Ebro fl oodplain , namely 1) hydrological disturbance, 2) confi nement and 3) agricultural pressure. Based on the assumption that the functional structure at a local scale is driven by the same environmental factors than the taxonomic structure (Heino et al. 2007 ) the present study focuses on the response of the invertebrate traits to these three gradients.
Hydrological disturbance
In this paper, hydrological disturbance in each site and date was obtained by measuring three parameters that accounted for hydrological spatial and temporal variability: fl ood magnitude, fl ood duration and fl ood frequency (Table 2) . These are defi ned as follows:
-Flood magnitude (FM) -water-column depth relative to the maximum and minimum water-column depths in the study period, calculated as FM (%) = (H -H min )100/H max , -where H is the water-column depth of a site on the sampling day, and H min and H max are the minimum and maximum water-column depths, respectively, in the studied period. No differences in these parameters were expected among the three sampling stations established in each OL, thus the same value of hydrological disturbance was assigned to them.
Confi nement
The reduction in water turnover in wetlands that had reduced seepage, either because of river embankment or sediment accumulation, was considered here as "confi nement". During confi nement conditions, dissolved salts and organic nutrients from groundwater seepage, runoff and autogenic processes accumulate, enhancing primary productivity (Tockner et al. 1999) . Therefore, an increase in the concentration of dissolved solids, chlorophyll-a and dissolved organic nitrogen has been used to identify confi nement situations (Table 2) . Phosphate, which is usually related to agricultural impact, was not included here because it was always below the detection limit. Therefore, nitrate was used as an indicator of agricultural pressure (Table 2 ).
-Nitrate (NO 3 -) -determined from fi ltered water samples analysed by ion chromatography (FLOWSYS-SYSTEA®) (APHA 1989).
Data analyses
A non-parametric analysis of variance (Kruskal-Wallis test, α = 0.05) was used to study differences among sites aligned along a gradient of lateral hydrological connectivity. Trait composition (abundance of each of seven functional groups), richness (FG richness) and diversity (FG diversity) were response variables, and the positions along the gradient of hydrological connectivity (RS, OL1, OL2 and OL3) were different levels of the independent variable (factor).
Multivariate ordination techniques were used to analyze the relationships among functional groups of invertebrates and environmental variables serving as surrogates for hydrological disturbance (FF, FD and FM), confi nement (TDS, DON and Chl.a) and agricultural pressure (NO 3 -). Redundancy Analysis (RDA) was used because the length of the species gradient, assessed by Detrended Corresponded Analysis, was short (less than 2) and thus a linear relationship between species and environmental variables was expected (Legendre & Legendre 1998) . Environmental variables were previously log (X+1) transformed and checked to be un-correlated (Spearman correlation ratios < 0.6). To avoid multi-collinearity problems we included in the RDA only those variables selected as signifi cant by stepwise forward selection (α = 0.05) and with infl ation factors below 10 (ter Braak & Smilauer 2002). Signifi cance of the RDA model was assessed through permutation tests of the full model and by axis (Legendre & Legendre 1998 ). All statistical analyses were run using R (version 2.5.1; R Development Core Team 2007).
Results
Trait differences along a gradient of lateral hydrological connectivity
We collected a total of 50,233 individuals belonging to 54 genera classifi ed into seven functional groups. Taxonomic richness in functional groups varied from 19 taxa in group "e" and 11 taxa in group "g", to only one in group "h" and three in group "f" (Table 1) .
A decrease in total abundance coinciding with a decrease in surface connection established by the gradient of lateral hydrological connectivity was observed ( Fig. 2 and Table 3 ). Moreover, non-parametric Kruskal-Wallis tests demonstrated that sites differed signifi cantly in their invertebrate trait composition, richness and diversity ( Fig. 2 and Table 3 ). Only the abundance of Groups "c" and "g" showed no significant differences among sites.
Six out of seven functional groups were present at the river site (RS). Among them, Groups "h" and "e" clearly dominated (Fig. 2) . Functional groups inhabiting the RS included insects belonging to Diptera, Trichoptera, Heteroptera and Coleoptera families, and also aquatic oligochaetes. Group "d", composed of predatory dragonfl ies, was the only group not present in RS. Group "e" was dominant in OL1 and OL3, and Group "b", which includes most of the non-insect taxa, dominated OL2 (the OL located at an intermediate position along the connectivity gradient) (Fig. 2) .
Functional groups richness varied signifi cantly along the gradient of lateral hydrological connectivity (Table 3) , being highest in RS and decreasing in OLs from OL1 to OL3 (Fig. 3) . Functional groups diversity also varied signifi cantly across the connectivity gradient (Table 3) , but showed a different pattern, peaking in OL2 (intermediate wetland in the connectivity gradient), where functional groups diversity was two times higher than in the RS (Fig. 3) .
Relationship between lateral gradients and invertebrate biological traits
Signifi cant variables extracted by forward selection included nitrate, dissolved solids, fl ood duration and frequency (NO 3 -, TDS, FD and FF). RDA performed on abundance of seven functional groups and these four selected variables was highly signifi cant (Permutation Test on the full model, p < 0.005); with the fi rst two axes explaining 43 % of invertebrate variability (Permutation Test by axis, p < 0.005). At least one variable of each lateral gradient considered was selected (Table 4) .
The fi rst RDA axis was related to fl ood duration and frequency (FD and FF), which were surrogates for hydrological disturbance. Hydrological disturbance was highest in RS and decreased in OLs from OL1 to OL3 (Fig. 4) .
The second RDA axis was negatively related to nitrate concentration (NO 3 -), a surrogate of agricultural pressure. OL2, where agricultural pressure was more intense, showed the highest concentrations of NO 3 -(up to 50 mg L -1 ). Nitrate concentration was also high in RS (up to 20 mg L -1 ) because of extensive agricultural pressure on the watershed as a whole. In contrast, nitrate concentration was low in OL1 and OL3 (< 5 mg L -1 ). Wetlands were arranged in a longitudinal hydrological gradient in second RDA axis, from OL1 situated upstream to OL3, OL2 and RS sites situated progressively downstream.
Total dissolved salts (TDS), the surrogate of confi nement, was weakly related to both RDA1 (hydrological disturbance) and RDA2 (agricultural pressure) (Table 4) . Highly confi ned sites, such as OL3, were isolated from both the river pulses and sewage coming from agriculture fi elds; OL2 and OL1 were less confi ned because of higher water-table variability. Table 1 . CPUE, catches per unit effort (see description in text). "Other" includes Groups "c", "d" and "g" which accounted for less than 5 % of the total macroinvertebrate abundance. Fig. 3 . Functional groups richness (FG richness, number of functional groups) and functional groups diversity (FG diversity, Simpson index of diversity groups) in the Ebro River (RS) and three oxbow lakes (OL1-3). Table 4 . Results of redundancy analysis performed using four environmental variables (explanatory variables) and abundance of seven functional groups of macroinvertebrates (response variables). 
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Functional traits as bio-indicators of environmental gradients
To identify potential bio-indicators of hydrological disturbance and agricultural pressure, we projected the optima (maximum density) and distribution of functional groups onto the fi rst and second RDA-axis, respectively (Fig. 5) . We found that Group "g" was related to both hydrological and agricultural disturbance. This group included aquatic bugs and coleopters that were small in size or exhibited multivoltinism. Beyond these, aquatic worms included in Group "h" peaked at highly hydrologically disturbed sites (i.e., those highly infl uenced by the river), while crustaceans and bivalves of Group "b" peaked at sites affected by agricultural sewage.
Discussion
Trait differences along a gradient of lateral hydrological connectivity
High spatial heterogeneity and diverse food resources enhanced richness of functional groups in the river channel, but only certain combinations of traits dominated the river community given its particular environmental conditions (e.g., Oligochaeta in Group "h" and Chironomidae in Group "e", which dominated the river channel). As reported by several authors, disturbance frequency in the river channel selects for those traits that allow organisms to adapt to a changing environment and to recuperate faster after disturbance, such as short life cycles, asexual reproduction, multiple cycles per year, substrate-attachment forms, and crawling or burrowing locomotion (Townsend & Hildrew 1994 , Townsend et al. 1997a , Townsend et al. 1997b , Usseglio-Polatera et al. 2000 . Based on the work of these authors, we should have expected to fi nd that species in the river channel were highly specialized in their feeding behavior, typically fi lter feeders and scrapers that fed on suspended particles and algae. In contrast, we found a river community that was highly diversifi ed with respect to their feeding behavior, and included predators, shredders, piercers, scrapers and deposit feeders. According to Scarsbrook & Townsend (1993) , this situation could refl ect a combination of low disturbance frequency and high habitat heterogeneity, and thus high refuge and resource availability that would allow species with different feeding behavior to coexist. As we move from the river channel to disconnected wetlands within the fl oodplain, we expect to fi nd that the infl uence of hydrological disturbance decreases while biotic interactions become increasingly important (Wellborn et al. 1996) . Consequently, hydrological stability in fl oodplain wetlands should allow organisms to reach large sizes and attain long life spans, whereas closer biotic interaction would force them to diversify their feeding behaviour, reproduction and locomotion techniques (Townsend & Hildrew 1994 , Townsend et al. 1997a , Townsend et al. 1997b , Usseglio-Polatera et al. 2000 . In accordance with these ideas, we found that crustaceans, bivalves and some insects (e.g., Odonata and Coleoptera larvae) were representative taxonomic inhabitants of the disconnected fl oodplain wetlands. They were mostly large-sized shredders, fi lterers and piercers that fed on the wide variety of detritus and macrophytes available, and also predators that fed on other invertebrates.
It is worth highlighting, however, that several functional groups showing adaptation to disturbance (e.g., small size, attachment to substrate, multivoltinism, cemented eggs or clutches, fi lter-feeding, crawling and burrowing) in Groups "e" and "g" were present in both the river channel and fl oodplain wetlands, but with differing degrees of dominance. This suggests that organisms dominating the river channel were transported during fl oods to fl oodplain wetlands, where they found refuge but did not reach high densities. Generalist species that could have benefi ted from river pulses to colonize new habitats included Ecnomus sp., Micronecta sp., and Nais sp. In contrast, specialist species present in the studied fl oodplain wetlands that did not appear in the river channel included the predatory dragonfl ies, Boyeria sp., Trithemis sp. and Coenagrion sp. Consistent with our expectations and in accordance with the intermediate disturbance hypothesis (Connell 1978) , the diversity of functional groups was highest at fl oodplain wetlands exhibiting an intermediate level of disturbance, where both types of species coexisted (i.e. generalist and specialist).
It is worth noting that important habitats, such as secondary channels, backwaters, temporary groundwater-fed pools and hydrologically inter-connected water-bodies were absent in our study area. However, the selected fl oodplain wetlands represent a unique type of ecosystem (oxbow lake) and cover a range of spatial and temporal hydrological connectivity characteristic of fl oodplains of large rivers worldwide. Moreover, despite the short lateral hydrological gradient studied here, we found a signifi cant response of macroinvertebrate trait composition, richness and diversity. Such fi ndings underscore the importance of every connectivity type (longitudinal and lateral) in the structure and functionality of the whole river fl oodplain system (Amoros & Bornette 2002) .
Relationships between lateral gradients and invertebrate biological traits
The classifi cation of organisms into functional groups was benefi cial for the analysis of the functional adaptation of invertebrates to environmental gradients. As such, it was helpful in disentangling the response of several biological traits to lateral environmental and hydrological gradients (Usseglio-Polatera et al. 2000) . Our results are in agreement with this relationship as refl ected by the fact that the main environmental gradients (hydrological disturbance and agricultural pressure) signifi cantly affected invertebrate functionality.
Previous studies analyzing taxonomic patterns have identifi ed limitations in discriminating pressure effects, for example between hydrological, physico-chemical and trophic gradients . These diffi culties refl ect the fact that hydrological connectivity involves multiple patterns and processes, including the superfi cial transport of suspended solids, seepage input of dissolved solids, accumulation of organic matter during confi nement and export of organic matter during large, erosive fl oods (Tockner et al. 1999 ). An analysis of these processes can be confounded by confi nement-related effects and agricultural pressures, which also involve changes in salts and nutrients. In contrast, the present study found that functional traits were useful in discriminating environmental gradients, showing that increasing disturbance, either hydrological or agricultural, led to domination by Group "g" including organisms with small size, multiple cycles per year and asexual reproduction. The presence of these functional traits refl ected the adaptation of communities to frequent and intense disturbance, as suggested by other authors (Doledec et al. 2006 , Mellado et al. 2008 . Furthermore, agricultural pressure and hydrological disturbance could be discriminated from one another on the basis of the abundance of Group "b" and Group "h", respectively.
Beyond hydrology and water chemistry, the remaining variability in invertebrate traits could be related to several unmeasured variables, such as habitat characteristics (e.g., vegetation cover and substrate size) and biotic interaction (e.g., fi sh predation and competition with other species) (Batzer & Wissinger 1996 , Wellborn et al. 1996 . Nevertheless, the studied gradients explained almost 50 % of the existing variability in the trait structure, and each of the gradients has been shown to be important in explaining the trait structure.
The functional classifi cation of macroinvertebrates: a tool for identifying bioindicators
Given the large number of biological and ecological traits that could be related to environmental gradients -there are more than 50 biological and 60 ecological trait categories in the bibliography -the classifi cation of organisms into a limited number of homogeneous groups strongly simplifi es their use. Invertebrates included in each functional group are expected to have similar life-histories and behavior, and thus show the same response to main environmental gradients (Statzner 2001) . However, our results showed that some functional groups have wide distributions (e.g., Group "c"; Fig. 5 ), so we should take these indicators with caution. A point to note is that the species in each group are not the same as those in the original classifi cation of Usseglio-Polatera et al. (2000) , but only include those present in our study area. Therefore, more studies are needed to better assess the ability of each functional group to indicate environmental gradients or human impacts.
Another point to note is that a complex combination of traits was represented by each functional group, and thus the direct relationships between particular traits (e.g., size, feeding habitats) and environmental gradients were diffi cult to identify. To achieve a better understanding of how spatial and environmental gradients act as a template for macroinvertebrate structure and functionality in complex fl oodplain ecosystems, future investigations should evaluate the separate effects of lateral gradients on particular traits.
Finally, it is worth highlighting the fact that, despite their key role in river-fl oodplain processes and ecosystem biodiversity (Amoros & Roux 1988 , Ward & Stanford 1995 , Tockner et al. 1999 , Amoros & Bornette 2002 , fl oodplain habitats considered as those disconnected wetlands located in the fl oodplain, have been systematically ignored in ecological assessments of large rivers in Europe. We believe that future studies should reinforce the potential of the functional grouping of invertebrates to assess ecological integrity in river-fl oodplain habitats considered as a whole.
